Neutron activation cross section data around 14 MeV are compiled as the evaluated data for fusion technology, especially for calculations on radiation damage, nuclear transmutation, induced activity and so on. The reliable cross sections of Ta and W are required because they are potential structural materials of fusion reactors.
However, the accuracy of reported values is not enough for the demand of fusion technology.
The cross sections of 181Ta(n, p)181Hf reported by Brzosko et al. (1) are 20~40 % larger than those of Lu et al. (2) and WOlfle et al. (3) The evaluated values of JENDL-3(4) and ENDF/B-VI (5) are just between them. No cross section data of 181Ta(n, n'p)180mHf has been reported.
The cross section of 184"W(n, a)181Hf was obtained only at an energy of 14.7 MeV by Qaim & Graca(6) and the value is 70% larger than the JENDL-3(4) evaluation and 15% smaller than the ENDF/B-VI(5) evaluation. The cross sections of 186W(n, n'p)185Ta by Barry et al. (7) and Qaim & Graca(6) have large uncertainties of 20~50 %. The cross sections of 186 W(n, a)183Hf by Qaim & Graca(6) and Ikeda et al.(8) are consistent within uncertainties, but their results were obtained only at neutron energies around 13.5 and 14.8 MeV.
To obtain the above-mentioned cross sections with a good accuracy and remove the inconsistencies among the existing experimental data, the authors measured the cross sections using the intense 14 MeV neutron facility (OKTAVIAN) at Osaka University and HPGe detectors.
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II. EXPERIMENT
The activation cross section values were obtained by measuring the radioactivities induced with neutron irradiation.
All cross section values were obtained relative to the reaction cross section of 93Nb(n, 2n)92mNb as a standard whose reference values were taken from Nethaway (9) .
In Table 1 , measured reactions, associated decay data(10) of the halflife (T1/2), the g-ray energy (Eg), the absolute intensity in photons per disintegration (Ig) and the Q values are listed together with the irradiation (Ti) and measurement (Tm) time. The effective reaction energy of incident neutrons at each irradiation (12)). The effective d+ energy (Ed) was chosen as a fitting parameter in the relativistic calculation of d-T neutron energy as a function of the emitted neutron angle. The calculated neutron energies for Ed =-100, 130 and 150 keV are shown in Fig. 3 . The measured neutron energies were well reproduced when the value of Ed was chosen to be 130 keV. This result is reasonable because the energy of incident d+ beam is partly lost in a tritium target, and because the cross section of d(T , n)4He reaction shows maximum at around Ed=110 keV. The uncertainty in the effective neutron energy is estimated to be +-50 keV. Table  2 . The irradiation and measurement times of each sample are also shown in Table  1 . Gamma-rays emitted from the irradiated samples and Nb monitor foils were measured with 12, 16 and 22 % HPGe detectors. Each detectors was covered with a 5 mm thick acrylic absorber in order to reduce b-rays. The full-energy-peak efficiency calibration at 5 cm was accomplished by using sources of 24Na , 56Co, 133Ba, 152Eu and 154Eu. Corrections for true coincidence sums were applied. The uncertainties in the efficiency curves are estimated to be 1.5 % above 300 keV, 3 % between 300 and 80 keV, and 5 % below 80 keV.
Practically we very often had to measure the weakly-induced activities . Hence we put the samples on the surface of the HPGe detectors (source-to-detector distance : 5 mm) . It is difficult to obtain the detection efficiency curve at 5 mm in a good accuracy with use of the above-mentioned multi g-ray emitters because corrections due to true coincidence sum effect at close distance are large. To avoid the large correction in the efficiency determination at 5 mm, the ratio of detection efficiencies at 5 mm to those at 5 cm were measured by using extra samples of Ta and W irradiated at the calibration tube as illustrated in Fig. 1 . Then the detection efficiency at 5 mm was obtained by multiplying those at 5 cm by the ratio. This method improved the detection efficiency by a factor of about 7 in comparison with the measurement at 5 cm. The calibration procedure brought an additional uncertainty of 1.0~2.0 % to the results.
Peak areas of the g-rays are evaluated by summing all recorded counts in the channel interval {C-3s, C+3s} and subtracting the background counts (NB), where C is the position of the peak center and s the full width half maximum (FWHM). The NB is given by (6s) x (NL+NH)/2, where and NH are the average counts of 5 channels in the vicinity of (C-3s) and (C+3s), respectively. This summing method(13) is similar to that by Debertin & SchOtzig(14) . The uncertainty due to the peak area evaluation is estimated to be 0.5 %.
Corrections and Error Estimation
The following principal correction were made in deducing cross sections : The detailed procedures are described elsewhere (15)~(17).
(1) Fluctuation of the neutron flux during the irradiation ; the correction does not exceed 2 %.
(2) Contribution of scattered low energy neutrons ; the correction is ranging of 00 .5 %.
(3) True coincidence sum effect ; ranging of 1~3 %.
(4) Random coincidence sum effect ; less than 0.5 %.
(5) Deviation in the measuring position coming from finite sample thickness ; less than 0.5 %. (6) Interfering reaction producing activities emitting the g-ray with the same energy of interest ; negligibly small.
(7) Self-absorption of the g-ray in the sample material ; this correction amounts to 20 % at 177 keV g-ray emitted by '"Ta in the 0.2 mm thick W-foil produced by 186W(n , n'p) reaction. For the other higher energy g-rays, the absorption corrections are ranging from 1 to 5 %. The total errors (ds) were derived by combining the experimental error (de) and the error of nuclear data (dr) in quadratic :
Estimated major sources of the errors are listed in Table 3 .
III. RESULTS AND DISCUSSION
Numerical data of the present cross sections are given in Table 4 and graphs are given in Fig. 4 (Fig. 4(a) ), but the cross sections by Brzosko et al. (1) are 20~40 % larger than our values. The evaluated values of JENDL-3(4) and ENDF-VI(5) are 10~30 % larger than the present results. The cross sections of 181Ta(n, n'p)180mHf were obtained for the first time (Fig. 4(b) ). The data of 184W(n, a)181Hf by Qaim & Graca(6) are slightly larger than our data as shown in Fig. 4(c) . The slope of the ENDF/B-VI (5) evaluation is larger than that of our data. The slope of the JENDL-3(4) evaluation agrees well with our results, but the values are a little bit lower than our curve is. The evaluated values of 186W(n, n'p)185Ta(4)(5) agree with the our data (Fig. 4(d) ), but both evaluation data show somewhat lower values around 14.5 MeV. The data of 186W(n, a)183Hf by Ikeda et al. (8) and Qaim & Graca(6) fairly agree with the present data within the uncertainties as shown in Fig. 4(e) . The present results clearly show that the ENDF/B-VI(5) evaluation is Table 3 Principal sources of uncertainty in measured cross sections Table 4 Measured cross sections and reference cross section ; 93Nb(n, 2n)93mNb more consistent than the JENDL-3(4) evaluation.
In general previous data obtained in the wide energy range of 13~15 MeV for 181Ta (n, p)181Hf(2) and 186W(n, a)184Hf(8) reactions show fairly good agreement with the present results, while some previous data obtained at one energy point for 181Ta(n, p)180Hf (18) and 184W(n , a)181Hf(6) reactions are much different from the present results. These discrepancies might result from short sample-to-neutron source distance and from irradiation with large amounts of samples in the previous works, because available neutron sources in those works were weak. Since no Ge detector with Cross sections of 181Ta(n, P)181Hf, 181Ta(n, n'p)180mHf, 184W(n, a) 181Hdf, 186W(n, n'p)185Ta and 186 good energy resolution before about 1970 were used, unwanted contaminant might have given unavoidable effect to the final results. The reason why the previous data of 181Ta(n, p) 181Hf(1) reaction disagree with our data might be due to this.
IV. CONCLUSION
The five activation cross sections of 181Ta (n, p)181Hf, 181Ta(n, n'p)180mHf, 184W(n, a)181Hf, 186 W(n, n'p)185Ta and 186W(n a)183Hf reactions with around 14 MeV neutrons were obtained by the activation method. For the three reactions of 181Ta(n, p)181HRf, 184W(n,a)181Hf and 
